Context. As a fragile element, lithium is a sensitive probe of physical processes occurring in stellar interiors. Aims. We aim at investigating the relationship between lithium abundance and rotation rate in low-mass members of the newly discovered 125 Myr-old Psc-Eri stellar stream. Methods. We obtained high resolution optical spectra and measure the equivalent width of the 607.8 nm LiI line for 40 members of the Psc-Eri stream, whose rotational periods have been derived by Curtis et al. (2019) . Results. We show that a tight correlation exists between lithium content and rotation rate among the late-G to early K-type stars of the Psc-Eri stream. Fast rotators are systematically Li-rich, while slow rotators are Li-depleted. This trend mimics the one previously reported for the similar age Pleiades cluster. Conclusions. The lithium-rotation connection thus seems to be universal over a restricted effective temperature range for low-mass stars at or close to the zero-age main sequence, and does not depend on environmental conditions.
Introduction
The evolution of lithium abundance over a star's lifetime reflects transport processes operating in the stellar interior. Lithium, a fragile element that is burned at a temperature of 2.5 MK encountered at the base of the convective zone of low-mass stars, is slowly depleted and its surface abundance steadily decreases over time in solar-type and lower mass stars (see, e.g., Jeffries 2014, for a review).
Li depletion is extremely dependent on temperature (e.g, Bildsten et al. 1997) , making Li abundances a very sensitive diagnostics of the physics of transport processes in stellar interiors. More vigorous transport processes will lead to more severe Li depletion. Beyond the dependence on temperature, Li depletion can also be affected by non-standard transport processes, such as rotational mixing, internal magnetic fields, and by structural changes induced by, for instance, rotation, magnetic activity, metallicity, or accretion (e.g, Pinsonneault et al. 1990; Zahn 1992; Ventura et al. 1998 Eggenberger et al. 2012; Théado & Vauclair 2012) . These additional mechanisms depend at the same time on initial conditions and evolutionary paths. It is therefore important to investigate lithium content in relation to other properties of the stars at different ages and in different environments.
A connection between lithium abundance and rotation has been reported in young stellar populations at different ages, where rapid rotators are found to have systematically higher Li abundances than slow ones. This relationship is somewhat counter-intuitive as rotational mixing is thought to scale with surface rotation, and would thus predict Li-depleted fast rotators. Soderblom et al. (1993) first reported this trend for the Pleiades (age ∼125 Myr), which was recently confirmed and extended by Bouvier et al. (2018) . The Li-rotation connection was also investigated at such young ages as ∼5 Myr, in the case of NGC 2264 (Bouvier et al. 2016) , and in the β Pic moving group at 20 Myr (Messina et al. 2016 ). Studying this relationship at different ages and/or in different environments is key to decipher its origin.
In this paper, we focus on studying this relationship in the newly discovered solar-metallicity ([Fe/H] = −0.04± 0.15) stellar stream Psc-Eri (Meingast et al. 2019 böck et al. 2020 ), which has an age similar to that of the Pleiades (Curtis et al. 2019 ), but is located in an overall very different environment. We combine our new lithium equivalent width (EW(Li)) measurements with the rotational periods reported by Curtis et al. (2019) in order to investigate the lithium-rotation connection in this new environment.
Methodology

The stellar sample
Our starting sample was that of candidate members listed by Curtis et al. (2019) who derived rotational periods from TESS light curves (Ricker et al. 2015) . We additionally used Curtis et al. (2019) T eff estimates, which are indistinguishable from Gaia DR2 values, to select members with T eff in the range from 4000 to 5500K, corresponding to spectral type G5-K6. This is the T eff range over which the relationship between lithium and rotation was observed in the Pleiades. We thus obtained a sample of 66 late G and early to mid K-type stars in the Psc-Eri stream.
Observations
Among this initial sample, we observed 40 stars with the FEROS (Kaufer et al. 1999) high-resolution spectrograph (R∼48,000) mounted at the ESO/MPG 2.2m telescope at ESO/La Silla Observatory. The observations were obtained from July 24 to August 2, 2019, as part of Programme 103.A-9009. We observed the targets in object-calibration mode which allows for the simultaneous acquisition of the object spectrum and the ThAr lamp. The exposure times ranged from 2 to 25 min depending on the magnitude of the target. We reduced the collected spectra with the FEROS data reduction pipeline which performs bias subtraction, flat-fielding, wavelength calibration, barycentric velocity correction, and merging of the extracted echelle orders into a single one-dimensional spectrum that we used in the forthcoming analysis. Most spectra have a signal-to-noise ratio (SNR) between 30 and 50. However, a couple of objects have low quality spectra, namely curt#92 (SNR∼10) and curt#43 (SNR∼15). Radial velocities (V r ) were estimated via cross correlation with a synthetic K0 spectral mask to further correct the spectra and shift it to the rest frame (The values are summarized in Table 1 ). Even though, due to visibility / airmass constraints, 40 objects were observed out of the 66 from the previously described sample, this subsample homogeneously covers the range of T eff and rotational periods that we wanted to explore.
Lithium equivalent width measurements
EW(Li) were obtained in an automatic fashion described in Appendix A of Bayo et al. (2011) . In addition, we independently measured EW(Li) interactively from direct integration and Gaussian fitting using the IRAF/splot command. The comparison of the two methods yielded consistent results for most cases. A few discrepant cases resulted from low SNR spectra (Obj 15), bad pixels affecting the automatic continuum determination (Obj 94), or fast rotation leading to strong line blends (Obj 2, 34) that required a special treatment.
For the three fast rotators curt#79, 88, 71 we estimated v sin i values of 55, 55, and 61 km s −1 , respectively, via the previously mentioned K0 mask cross-correlation. The broadening of the lines of these objects lead us to consider the potential impact of line blends on the EW(Li) measurements. We applied the same method as that used for Pleiades fast rotators described in Bouvier et al. (2018) (Paper I). Namely, we selected a slow rotator of the same spectral type, produced an artificial Gaussian LiI 6708Å line in its spectrum, and rotationally broadened the spectrum to the v sin i of the fast rotator. We then measured EW(Li) in the broadened spectrum and compared it to the input value. As in Paper I, we find that the blends do not affect the EW(Li) measurements for these moderate v sin i values. As an additional check, we also used low v sin i Psc-Eri members of the same spectral type with varying degree of EW(Li), broadened their spectra, and used them as templates. For instance, Curt#46 is an intrinsically fast rotator with a period of 1.26d but with moderate v sin i (21 km s −1 ), presumably seen at low inclination. It exhibits a deep and relatively narrow lithium line, and is thus a good template to measure EW(Li) in the broadened spectra of other fast rotators. In most cases, this approach yielded similar results as the direct measurements in broadened spectra, which confirms that blends do not significantly affect the derived EW(Li), even for relatively high v sin i objects. Finally, as in Paper I, we applied a correction on the measured equivalent width to account for the blend by the nearby FeI 6707.441Å line. Following the prescription of Soderblom et al. (1993) , we derived the intrinsic (B-V) color of the targets from their Teff, interpolating through Pecaut & Mamajek (2013) (B-V)-Teff relationship. Over the (B-V) range of our sample, the FeI blend correction to EW(Li), which is listed in Table 1 , amounts to 11-19 mÅ, and is thus comparable to our measurement errors. This correction has not been applied to EW(Li) upper limits. Having thus derived EW(Li) for all the objects in our sample, and using rotational periods and T eff from Curtis et al. (2019) , we are able to study the relationship between lithium and rotation for the low-mass members of the Psc-Eri stream.
Results
Before presenting the results of the lithium-rotation relationship for Psc-Eri members below, we discuss a few outliers in the Curtis et al. (2019) has two TESS light curves in the MAST archive from Sectors 4 and 5. The first one is of low quality and does not yield a period. The second one exhibits a smooth modulation and a CLEAN periodogram analysis indicates a clear period of 6.083d. We therefore adopted this value in the following, which brings this object back onto the slow rotator sequence. The other "Slow" object, Curt#92, has a reported period of 11.96d. We queried the MAST archive for this object, but no TESS light curve is provided there. The closest object with a TESS light curve is 397 arcsec away. In any case, the signal to noise ratio of the spectrum we obtained for this object (the poorest quality one in our campaign), SNR∼10, is too low to detect the lithium line in absorption. The uncertainty in the period and poor quality spectrum prompted us to discard this object in the following analysis.
Our preliminary analysis revealed another outlier in the lithium-rotation-T eff plane, namely Curt#75 with a reported period of 1.93 days (Curtis et al. 2019) , i.e., an intrinsically fast rotator. However, its spectrum exhibits narrow photospheric line profiles and no sign of lithium absorption. The observer at the telescope noticed that two objects were visible on the acquisition camera. Indeed, 2MASS K-band and SDSS2 images reveal an elongated object at this position, most likely a nearly equal-mass binary with a separation of a few arcseconds. With its 21 arcsecwide pixels, the TESS light curve cannot resolve the system. The FEROS spectrum was obtained for only one of the components and we cannot ascertain that this is the one for which a TESS period has been reported. Indeed, the narrow line profiles seem inconsistent with fast rotation, unless the system is seen at a low inclination. In the light of these uncertainties, we discarded this source from the analysis.
We are thus left with 38 objects with TESS periods reported by Curtis et al. (2019) and with EW(Li) measured on the FEROS spectra. The results are listed in Table 1 . Of these, 7 appear to be photometric binaries in the GAIA's color-absolute magnitude diagram shown in Figure 1 . Objects Curt#46, 79, 90 are well above the single stream sequence, while Curt#43, 60, 71, 88 are slightly above. Owing to the high accuracy of Gaia data and the narrow-ness of the single star sequence, we classify the 7 stars as photometric binaries (PB). In addition to these, to further study possible multiplicity effects, we looked for signs of tight companions, i.e. spectroscopic binaries (SBs). To search for single line spectroscopic binaries (SB1), we compared our V r determinations with those of Gaia DR2. Among the objects with good quality spectra, we found five (namely Curt#36, 52, 57, 66, 79) with differences in V r determination above 5σ. In particular, Curt#79 and #71 have been classified by us as PBs and also potential SB1 (although the delta in V r for Curt#71 is only at the 3σ level). To complete the spectroscopic binary search, we visually inspected the CCFs looking for signs of resolved spectroscopic binaries (SB2) but we did not find any obvious candidate. With this analysis in hand, the SB binary fraction estimated for this stream is consistent with that determined for loose associations of similar age (∼10% Elliott et al. 2014 ).
Regarding multiplicity effects on Li measurements assuming as bona fide binary systems all of PBs and SBs found (Curt#36, 43, 46, 52, 57, 60, 66, 71, 79, 88, 90) , four of our candidate binaries are fast rotators with periods lower than two days, and the other seven are slower rotators, with periods between ∼ 5 and ∼ 8 days. The binary candidates are distributed over nearly the whole range of periods. They also are not uniformly Li-rich or Li-poor, but seem to follow the same tendency as the single stars (see filled diamonds in Figure 2 ). This suggest that the trend that we are reporting in the Lithium content is most probably tied to the rotation of the stars and not to their multiple nature. Figure 2 illustrates the resulting relationship between lithium content and rotation among the late G and early K-type stars of the Psc-Eri stream. As previously reported by Curtis et al. (2019) , stars in this mass range exhibit a wide range of rotational periods. The same behavior is seen in the Pleiades cluster, and this is precisely this similarity that prompted Curtis et al. (2019) to assign the same age of 125 Myr to the Psc-Eri stream. The lithium measurements reported here also show a wide dispersion over this T eff range, from undetectable (≤30 mÅ) up to 260 mÅ. Assuming the same age and metallicity for the Psc-Eri stream as for the Pleiades, the latter value correspond to a nearly pristine lithium abundance of A[Li] 2.8 (see Bouvier et al. 2018) . Figure 2 very clearly reveals the dependence of lithium content on rotation rate at a given T eff , over the T eff range from 4500 to 5100 K. There, fast rotators with periods shorter than 4d have EW(Li) ranging from 200 to 255 mÅ, while slow rotators with periods longer than 6d exhibit lithium equivalent widths less than 215 mÅ down to undetectable levels (≤30 mÅ), with a median value of 110 mÅ. As we previously found in the Pleiades cluster, there seems to be a tight lithium-rotation relationship valid for all stars in this T eff range on the zero-age main sequence, with slow rotators being lithium depleted compared to fast ones. Whether this relationship extends over a wider range of effective temperature awaits additional lithium measurements for both hotter and cooler stars of the stream. Meingast et al. (2019) reported a new, nearby stellar stream identified from the 6D position-velocity data provided by Gaia DR2. They estimated an age of 1 Gyr based on the location of member giant stars relative to model isochrones and derived a solar-metallicity by cross-correlating their sample with LAM-OST DR4. Curtis et al. (2019) derived rotational periods from TESS light curves for 101 low-mass members of the stream, that they named Psc-Eri. From the striking similarity of the rotation period versus mass diagrams of the Psc-Eri stream and of the Pleiades cluster, they assigned an age of 125 Myr to the former. Indeed, the distribution of rotation rates as a function of mass is quite sensitive to age, especially close to the zero-age main sequence (e.g., Bouvier et al. 2014; Gallet & Bouvier 2015) .
Discussion and Conclusions
The connection we report here between lithium and rotation for low-mass stars of the Psc-Eri stream is also strikingly similar to that reported earlier for the Pleiades cluster (Paper I). Fast rotators are systematically Li-rich compared to slow ones, a relationship valid both for single and binary systems over a limited T eff range. This result when first reported by Soderblom et al. (1993) was quite unexpected. Most stellar evolution models would predict that faster rotators experience enhanced internal mixing, and would thus burn lithium more efficiently (e.g., Pinsonneault et al. 1989) . Fast rotators ought to be lithium depleted while the opposite was observed. Subsequent studies including the present one unambiguously point to a higher lithium content in fast rotators at or close to the zero-age main sequence. In Paper I, we summarized 3 classes of models that attempt to explain this paradoxical result, and we will only briefly recall them here. The reader is referred to Bouvier et al. (2016) for a more extensive discussion of their success and limitations. Bouvier (2008) related the lithium-rotation connection observed on the ZAMS to the pre-main sequence rotational history of young solar-type stars. Current angular momentum evolution models predict that slow rotators remain locked to their circumstellar disk over a longer duration than fast ones (e.g., Gallet & Bouvier 2015) . As a result, a larger amount of internal differential rotation develops in slow rotators, which triggers enhanced mixing and leads to PMS Li depletion, while fast rotators maintain their original Li content (Eggenberger et al. 2012 ). Alternatively, Somers & Pinsonneault (2014 suggested that radius inflation in fast, magnetically active stars reduces PMS Li burning due to a lower temperature at the base of the convective zone. Assuming a relationship between rotation and magnetic activity during the PMS, the slow, more moderately active stars would not experience radius inflation, and would thus start to deplete lithium earlier. Finally, Baraffe et al. (2017) argued that stellar rotation has a direct impact on the efficiency of internal transport processes, and proposed that fast rotation reduces the penetration of convective plumes into the radiative core, thus leading to a lower depletion rate in fast rotators. Any of these models, or combination of them, has the potential to explain the lithium-rotation connection reported here and in previous studies. Further studies will be needed to attempt to discriminate between them.
The clear lithium-rotation relationship we report here for the Psc-Eri low-mass members has two main implications. Firstly, the lithium-rotation connection seems to be universal for lowmass stars in a specific T eff or mass range at or close to the zero-age main sequence. It is reported here for the ZAMS stream Psc-Eri and has been previously reported in various star forming regions, moving groups, and young open clusters with ages between 5 and 125 Myr (Messina et al. 2016; Bouvier et al. 2016 Bouvier et al. , 2018 . Secondly, this relationship does not seem to be affected by environmental conditions. While the Psc-Eri stream and Pleiades cluster probably have similar ages (Curtis et al. 2019, Barrado et al., in prep.) , they have quite different kinematic properties. The former is in the process of dissolving into the galactic field, while the latter is still a well defined young open cluster. Presumably, the Pleiades cluster formed from a very rich and dense environment, similar to the Orion Nebula Cluster (Kroupa et al. 2001) , while the Psc-Eri stream may have originated from a rich albeit lower density OB or T association at birth. These different initial conditions have apparently had no impact on the lithium-rotation connection, whose origin is thus to be found in the physics of pre-main sequence stellar evolution.
Further characterization of the lithium-rotation connection for stellar populations of different ages, metallicities, and environments will help to guide the development of pre-main sequence stellar evolution models able to account for this result.
